To assess the effect of a program of singing training on the voice of total laryngectomees wearing tracheoesophageal voice prosthesis, considering the quality of alaryngeal phonation, vocal extension and the musical elements of tunning and legato.
Introduction
After surgical removal of the larynx for the treatment of laryngeal carcinoma, the pharynx, the pharyngoesophageal transition and the esophagus not only perform their digestive function but are also stimulated to take on voice and speech production, which is an extremely refined function.
The perceptive voice pitch and loudness represent aspects of the dynamics of the spoken or singing voice that can be explored and used as expressive resources for the rehabilitation of individuals submitted to ablative larynx surgery due to cancer.
The spoken voice differs from the singing voice in terms of the utilization of vocal resources resulting from specific adjustments for different emissions that may help promote the quality of life and the refinement of speech of total laryngectomees. Thus, the need to explore this training as much as possible is emphasized, since a monotonous voice is a common characteristic of this population, which impairs speech intelligibility during a conversation 2 . Despite the importance of the action of singing for the improvement of communication, there is a need for studies involving singing in the process of speech rehabilitation for patients submitted to total larynx removal for oncologic treatment.
The objective of the present study was to evaluate the effect of a program of singing training on the tracheoesophageal voice of total laryngectomees rehabilitated with a tracheoesophageal prosthesis, considering the quality of alaryngeal voice, the vocal extension and the musical elements of tunning and legato.
Methods
The study was approved by the Research Ethics Committee of the Hospital, protocol nº 57077/2008. Sixty-seven speech therapy protocols of total laryngectomees submitted to surgery from 1999 to 2008 and rehabilitated with the use of prosthesis for tracheoesophageal voice were reviewed and 14 subjects were invited to participate in the study. Of these, seven started the program of singing training proposed, but two were excluded due to lack of adhesion. Thus, five total laryngectomees aged on average 49.8 years, two women and three men, completed the program of singing training.
All participants were submitted to classical total laryngectomy with closure of the mucosal, submucosal and muscular layers for reconstruction of the pharynx, and four of them had also been submitted to cervical dissection and complementary radiotherapy. Two participants were submitted to primary insertion and three to secondary insertion of the Provox ® tracheoesophageal prosthesis (Atos Medical AB, Hörby, Sweden), and all were submitted to speech therapy for the rehabilitation of alaryngeal communication.
Procedures

Evaluation of tracheoesophageal voice quality
After being released and referred by the head and neck surgeon, the participants were first submitted to evaluation of the voice with a tracheoesophageal prosthesis. The voice was recorded individually in an acoustically treated room with monitoring of ambient noise below 50 dB, with a mean value of 43.7 dB measured with a digital decibel meter. Mean habitual temperature in the recording environment was 23.8°C and mean humidity was 53.25%, monitored with a digital thermo-hygrometer.
The voice material of the total laryngectomees was collected and recorded using a Sony ® digital video camera adapted to a tripod. The participants remained seated at a distance of one meter from the camera and were instructed to emit the prolonged vowels "a", "i", "u" after inspiration in the maximum phonation time with habitual vocal intensity, velocity and pitch. This procedure was carried out before the program of singing training, characterized as the fixed variable, and at the end of the 12 sessions of proposed training.
The validated categorical scale GIRBAS 3 was used to characterize the voice quality of total laryngectomees wearing tracheoesophagel prosthesis. The pitch parameter was rated as adequate (A), grave (Gr) or acute (Ac) for gender and age, with Gr and Ac being accompanied by the degree of severity of deviation, i.e., mild (1), moderate (2) or severe (3) .
Effect of singing training on total laryngectomees wearing a tracheoesophageal voice prosthesis
Perceptive-auditory evaluation was based on the independent rating of three speech therapists with voice specialization and with a clinical experience of at least three years in the rehabilitation of total laryngectomees. The analysis procedure consisted of the following steps: description of the objectives of the study and presentation of the response card;
training of the experts with a sample of ten voices of speakers wearing a tracheoesophageal prosthesis; characterization of vocal quality and pitch during a single meeting, and finally random reproduction of a voice sample for the reliability of the analyses, corresponding to 20% of the total number. The stimuli were offered at medium reproduction intensity, comfortable for the raters.
Evaluation of singing voice
After recording the voice for perceptive-auditory analysis, each total laryngectomized was submitted to recording of singing voice, characterized as the fixed variable, before the singing training program and at the end of the 12 sessions under the same recording conditions described earlier, plus the utilization of the Yamaha ® PSR E403 keyboard.
To determine the vocal extension within one octave, i.e., a scale of eight notes (do, re, mi, fa, sol, la, si, do), each participant was instructed to emit the vowels "a", "i", "u" after inspiration, in the same tone presented on the keyboard, going up and down the scale with maximum utilization from semitone to semitone, regardless of vocal quality. The analysis was carried out by the singing teacher responsible for training by recording the notes achieved by the participants during each meeting. The type of breathing was evaluated visually during the emission of the vowels "a", "i", "u" during the training session. Next, the participant was asked to sing "Happy birthday to you" for analysis of the musical elements of tunning, characterized by the "notion" of intervals between notes, and legato, linking a vowel to the other in the melody. These parameters were characterized before and after the 12 training sessions as "Absent", "Present" or "Present Plus" by three independent singing teachers with didactic experience in the area of at least three years. The same steps described earlier for the perceptive-auditory analysis of the voice were followed for the analysis and evaluation of inter-rater reliability regarding the categorical variables of each parameter.
Singing voice training
Each total laryngectomized was submitted to singing training consisting of a weekly trial of 30 minutes for a period of three months (12 sessions) based on the following hierarchically arranged techniques:
1. Exercises for the strengthening of respiratory muscles for singing:
-inhaling slowly -exhaling fast;
-inhaling fast -exhaling slowly;
-inhaling fast-pausing for a few seconds -exhaling slowly;
-inhaling slowly -pause -exhaling fast;
-inhaling slowly -pause -exhaling by adding a count orally presented by another person and gradually increased depending on the possibilities of each participant. Inhaling was performed through the stoma and exhaling through the mouth.
These exercises were performed without sound emission;
-inhaling and exhaling fast. This exercise involves three short breaths and one long breath.
Vocalization: after breathing training, each participant
was instructed to perform the vocalizing exercises executed within a musical scale of eight notes (do, re, mi, fa, sol, la, si, do), accompanied by the keyboard.
Statistical analysis
For the analysis of the quality of tracheoesophageal and singing voice in total laryngectomized, inter-rater reliability was determined regarding the categorical variables of each parameter analyzed by calculating the percentage of concordant (50% or more) and discordant (less than 50%) ratings. To this end, the most experienced rater was considered to be the reference judge for each crossing of the analyses with the remaining raters. The predominance of a parameter was characterized according to the greatest percentage of agreement between raters for the situation before and after the singing program. A file containing all the edited samples was constructed, with the addition of 20% random repetition (one participant) for inter-rater analysis with a minimum of 68% reliability.
Results
The perceptive-auditory evaluation of the quality of continued to be absent after the proposed training, and strain (S) was found to be worse only for the emission of the vowel "i".
After singing training, the instability parameter (I) was found to be moderate for all participants during the emission of the vowel "i" (Table 1) . 
GRBASI parameter Degree of vocal deviation
Vowel "a" Vowel "i" Vowel "u" -1  2  3  2  2  2  2  2  3  2  3  3  2  3  3 -
*There was no agreement between raters for one laryngectomized patient in the Pre-training condition for the vowel "i" regarding the parameter of voice instability (I).
Before singing training, the pitch parameter was characterized as adequate for most of the participants according to the speech therapist raters. After training, pitch shifted to grave (Gr2) for the vowel "a" in two participants and to acute (Ac2) in one, continuing to be adequate in the remaining ones. A similar situation was detected also for the vowel "i", with one case of acute pitch (Ac2) and one case of grave (Gr1) picth, and the remaining ones being adequante after training. An acute pitch was not detected only for the vowel "u". Table 2 presents these findings. 
*One laryngectomized patient did not obtain concordance between raters.
Effect of singing training on total laryngectomees wearing a tracheoesophageal voice prosthesis
Regarding the evaluation of the musical elements, before singing training, tunning was considered to be absent in three individuals and as present in two. After the singing program, all participants presented tunning. Before training, legato was present in three participants and absent in two. After the training program, three participants showed a greater presence of legato and only one individual continued not to present it according to the evaluation of singing voice (Table 3) . More present -3
The vocal extension of pitch in semitones for the group of total laryngectomees is presented in Table 4 . The mean extension obtained for the vowels "a" and "u" was 14.7 semitones and the mean extension obtained for the vowel "i" was 15.7 semitones. 
Discussion
Today, the process of rehabilitation of communication with a tracheoesophageal prosthesis in total laryngectomees requires an accurate speech therapy program not only for the acquisition of alaryngeal sound, but also aiming at its quality and refinement so that the patient submitted to ablative surgery of the larynx will be able to communicate and to make himself A worsening of vocal strain for a minority of participants was identified only for the vowel "i" after the singing program, justified by the greater difficulty of the pharyngeal musculature to adapt to the conditions necessary for its production, with excessive contraction and with an effort in the reproduction of the sound compared to a higher pitch. A similar situation was also observed regarding vocal instability in the production of the vowel "i", which appeared to require more in terms of the behavior of the new sound source to reach phonatory balance. In order to understand this fact, we should emphasize again the individual clinical differences associated with the time of response of each individual to the training offered. Thus it would be necessary to evaluate the therapeutic limits versus the duration of the singing program; in other words, the 12 sessions possibly were not sufficient for some of the participants, or they were sufficient but the anatomophysiological conditions of the subjects represented a limitation. Perhaps an increased number of singing training sessions may contribute to a better elucidation of these findings.
In the pre-training condition, most of the participants presented adequate pitch, with a minority being characterized as Gr1, as commonly observed in the literature, which demonstrates that the pitch of this population is more grave 2, 4 . Because this is a new sound source and because it is necessary to understand its behavior during the emission of the different sounds, the vowels "a", "i" and "u" were contemplated for the analysis of the vocal parameters explored in the present study, based on the basic physiology of laryngeal phonation.
After singing voice training, the emission of the vowel "u" did not present acute pitch in any of the participants, probably due to the more grave nature of its production and possibly due to the anatomical conformation favorable for this behavior. However, for the remaining vowels there was a characterization of pitch Ac2, possibly related to the greater effort of the pharyngoesophageal muscles for its production, resulting in vocal strain and in more acute pitch perception.
According to Damsté and Learman 5 , the shape of the pharyngoesophageal segment varies with the type of phonation, tending to be more prominent during acute and strong phonation, with greater distention of the upper portion of the esophagus.
Deschler et al. 6 reported that the cause of pitch control in tracheoesophageal speakers has not been clearly defined, but that knowledge of the sound pressure level is a significant factor for the prediction of pitch associated with other aspects.
Regarding the quality of vocal emission, we emphasize the influence of the control of air flow for sound production when associated with the behavior of the remaining structures that compose the new sound source, which must respond to the different vocal requirements in an adapted manner. In view of this important influence and considering the respiratory work to be one of the primordial objectives for the training of singing voice, the strengthening of the respiratory muscles was explored in the training offered to the participants in the present study, in association with the actual vocalization. Some studies have related the breathing mode to the production of singing voice, permitting improvement of its quality 7, 8 .
Studies on singers 9-10 support the notion that breathing 
Conclusions
After the program of singing voice training for total laryngectomees wearing a tracheoesophageal prosthesis, the general degree of dysphonia, roughnness and breathiness improved or remained stable for the prolonged emission of vowels. After the proposed training, there was no occurrence of acute pitch only for the vowel "u". Regarding the musical elements, all participants started to present tunning and most of them presented greater legato, in addition to an increase of vocal extension, demonstrating the effect of singing on tracheoesophageal voice.
